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APHIDS
Pest Information
Aphids are pear-shaped, soft bodied insects that suck plant
sap through a straw-like mouthpart called a stylet. They are
found in colonies on the undersides of leaves in association
with honeydew (sugary excrement).
Characteristic features include two “tail pipes” (cornicles) on
the rear of the abdomen, and shedded white exoskeletons.
Adults develop wings when populations become crowded,
and move to another area to feed.

Symptoms

APHIDS

Leaf curling, yellowing, distortion, stunting. The sticky
honeydew is messy and serves as a substrate for sooty mold
fungi. Aphids can vector viral diseases.

Monitoring

Conduct visual inspections regularly throughout the crop’s
cycle. Pay attention to the undersides of leaves and new
growing points. Yellow sticky cards that trap winged aphids
indicate existing colonies. Individual greenhouse operations
should set their own thresholds.

Biocontrol Options (in order of effectiveness)

- Aphidius colemani
- Lady beetles (while temperatures are below 90°F)
- Green lacewing (while temperatures are above 90°F)
- Aphidius ervi
- Aphidius abdominalis
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Green peach aphids have an indentation between the base of their
antennae on the front of their head. The cornicles are dark at the
extreme tips.

APHIDS
Winged green peach aphids have an irregular patch on the abdomen.

Potato (foxglove) aphids are similar to green peach aphids, but
shinier and have longer cornicles.
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APHIDS

Top: Aphids can be found
on the undersides of leaves,
congregated around leaf veins.
Color of the species may vary
depending, on the season.
Left: Aphids reproduce through
parthenogenesis, meaning that
they give birth to live young.

Melon aphids are small, and their cornicles are short and black. Their
color ranges from light yellow to dark green.
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Identification of Aphids
Winged Aphids
Thorax darker than abdomen

Thorax darker than
abdomen

Thorax green;
Thorax green;
no abdominal
no abdominal dorsal markings;
dorsal markings;
large (4 mm)
large (4 mm)

Macrosiphum
Macrosiphumeuphorbiae
euphorbiae
potatoaphid
aphid
potato
Irregular
patch
Irregular
patchon
ondorsal
dorsalabdomen;
abdomen;
antennal
tubercles
swollen;
medium
to large (≥
3mm);
antennaltotubercules
medium
large (> 3swollen
mm)

NoNo
abdominal
dorsal
patch;
abdominal
patch;
small
(< to
2mm);
abdomen
light
dark green;
abdomen
light
tomm)
dark green
small
(< 2

APHIDS

Myzus persicae

green peach
aphid
Myzus
persicae
green peach aphid

Aphis gossypii
gossypii
Aphis
melon aphid
melon/cotton
aphid

Wingless Aphids
Medium
to large
(≥ 3cauda;
mm);
Cornicles
longer
than
cornicles
longer than
cauda;
antennal
tubercles
developed;
antennal tubercules developed
medium to large (> 3 mm)

Cornicles
short
(same
as cauda);
Small,
rounded
(2mm);
headshort
flattened;
cornicles
(= cauda);
small (2head
mm),flattened
rounded body

Aphis
gossypii
Aphis
gossypii
melonaphid
aphid
melon

Appendages
light;
Antennal
tubercules
swollen;
antennal
tubercles
swollen;
body
pear shaped;
body
pear-shaped
appendages light

Myzus persicae
green
peach
aphid
Myzus
persicae

green peach aphid

Apple
green
in color;diverging;
very mobile;
Antennal
tubercules
antennal
tubercules
body
long (4mm),
applediverging;
green;
verylong
mobile
body
(4 mm)

Macrosiphum euphorbiae
Macrosiphum
euphorbiae
potato aphid
potato aphid

5

Parasitoid Wasps
General Information
Parasitoid wasps require a host to complete their life
cycle. Adult females lay a single egg inside an aphid. Once
hatched, the wasp larva then feeds on the aphid contents
over a period of up to 2 weeks. During this time, the aphid
swells and stops feeding, becoming a “mummy.” It may turn
tan, brown, or black, depending on the species of wasp or
aphid. The larva then pupates inside the aphid, and the adult
emerges through a smooth circular hole. The emergence
“flap” may or may not remain.

General Management

APHIDS

Parasitoid wasps can be introduced at low rates before
aphids are detected or when aphids typically start appearing.
Stop use of broad spectrum pesticides 4 weeks before
release. If the aphid population is high, use a low-toxicity
insecticide, such as soap or oil, to reduce numbers and
make it easier for wasps to find and move among aphids.
Remove yellow sticky traps (OK to leave blue traps for
thrips). Keep greenhouse temperature below 85°F. Monitor
weekly for parasitized aphids (mummies) and leave these
in the greenhouse. When 80% of aphids are parasitized,
the parasitoid and aphid populations are balanced. For
aphid infestations, use in combination with Aphidoletes and
ladybugs.
Effectiveness may be reduced in late summer when the
parasitoid wasp itself may be attacked by naturally occurring
hyperparasites. These are even smaller wasps that parasitize
the biocontrol wasp inside the aphid, and will emerge
instead of the biocontrol. Use a 10–15x hand lens to inspect
aphid mummies for round holes in the hind end. This
indicates the adult parasites have emerged. The emergence
of an Aphidius species produces a clean, round hole without
jagged edges. A ragged emergence hole, in the top, midback of the mummy, indicates a hyperparasite has emerged.
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Life Cycle of Aphid Parasitoid Wasp

Wasp lays egg
inside aphid
(oviposition)

Adult
parasitoid
wasp

Larva grows;
aphid continues
feeding

APHIDS

Aphid dies; wasp
larva pupates;
aphid becomes
"mummy"

Wasp emerges through
hole in abdomen

Exit Hole of Hyperparasitoid and Parasitoid
(hyperparasotoid develops within the beneficial
parasitoid)

Hyperparasitoid
Hyperparasite
emergence
emergence
holehole
is jagged

Parasite
Parasitoid emergence
hole
emergence
hole
is smooth
and round
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Aphelinus abdominalis
Parasitic Wasp

These minuscule wasps (3 mm in length) are effective against
more than 40 species of aphids. Adults are black with a
yellow abdomen and short antennae and legs. Over a period
of 3 weeks, females can directly consume 2 newly hatched
aphids, and parasitize 14 early-instar aphids, each day. Aphid
mummies will turn black after about 8 days.

Shipping/Storage

Shipped as vials containing newly emerged adults and/or
parasitized mummies. Can store shipment at 50°F in the dark
for up to 2 days.

How to Release

APHIDS

Release 1 to 2 per yd2 for prevention, and 4 per yd2 near
infested zones, as they are not good fliers. Release weekly or
until 80–90% of aphids are parasitized. To release, open vials
carefully and walk amongst plants while allowing wasps to
fly out. Leave any unhatched mummies within the vial and
place it in a shaded area nestled amongst the plants.

How to Manage

These wasps are able to tolerate higher temperatures than
most Aphidius species; however, they are slower to establish
(up to 8 weeks). Scout for parasitized aphids that turn black
about 8 days after release.

Pests they Control

potato and foxglove aphids (primarily), plus over 40 species
of other aphids
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Wasps are black with a yellow abdomen and short antennae.

APHIDS
Adult A. abdominalis wasps can feed directly on aphids, and also lay
eggs one at a time in up to 14 young aphids per day.

Parasitized aphids (mummies) turn black within 8 days of being
parasitized.
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Aphidius colemani
Parasitic Wasp

This wasp works best in cooler greenhouses. Adults are 2
mm in length, and similar in appearance to a small black ant
with wings, but have long, thin antennae. Their abdomen is
striped yellow to brown. The life cycle consists of 2 weeks as
a larva inside the aphid, and 2 weeks as an adult. Females
can lay up to 300 eggs. Aphid mummies turn tan prior to the
wasp pupating.

Shipping/Storage

APHIDS

Shipped as vials containing mummies. Some will emerge
during transit, providing a mix of adults and mummies.
Temperature and transit time will determine the ratio of
adults to mummies upon arrival. May store in the dark up to
18 hours at 47–50°F.

How to Release

Release 1 per yd2 for prevention, and 2 per yd2 in infested
zones. Hold vial horizontally and remove lid amongst the
plants. Gently tap the open vial while walking through the
crop until all adults have escaped. Recap the vial and store at
greenhouse temperature until more adults have hatched and
repeat the process for 2 to 4 days. After this time frame, place
the open vial in a shaded area among the crop to allow the
rest of the wasps to emerge.

How to Manage

Keep temperature at 64–75°F, and humidity at 80%. A.
colemani, however, will live in a variety of conditions and may
become established in the greenhouse. Release weekly for 3
weeks in high infestations. Look for aphid mummies 2 weeks
after first release, and leave these in the greenhouse.

Pests they Control

green peach/tobacco and cotton/melon aphids; also bird
cherry-oat aphid on banker plants (see page 84)
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A. colemani wasps look similar to a winged ant, but have long, thin
antennae.

APHIDS

A single wasp emerges from each parasitized aphid.

Far Left: Aphids
parasitized by
A. colemani turn
tan. Look for the
circular emergence
hole.
Near Left: Wasps
are sold as adults
in release bottles.
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Aphidius ervi
Parasitic Wasp

A larger wasp (4–5 mm in length) that is used for potato
and foxglove aphids. They are near-black with long, slender
antennae. Females lay a single egg inside up to 200 aphids.
Aphid mummies turn gray or tan prior to the wasp pupating.

Shipping/Storage

Shipped as a vial of mummies in a buckwheat carrier, or as
adults. Adults should be released immediately upon receipt,
while mummies may be stored in the dark up to 18 hours at
47–50°F.

APHIDS

How to Release

Release 1 to 5 per 100 ft2 weekly as a preventive measure and
up to 25 per 100 ft2 weekly in infested zones. Uncap vial and
gently tap adults out amongst the plants in the late evening
or early morning. Leave vial upright and uncapped among
the crop to allow remaining mummies to emerge.

How to Manage

Wasps become inactive at temperatures above 85°F. Keep
humidity at 60–80%. Most effective on low level aphid
infestations. Look for aphid mummies 2 weeks after first
release, and leave these in the greenhouse.

Pests they Control

potato and foxglove aphids (primarily), green peach/tobacco
aphid, several other aphid species
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A. ervi is one of the larger parasitoid wasps.

APHIDS
Females insert a single egg inside up to 200 aphids by curving her
abdomen upward and piercing the skin.

Parasitized aphids turn tan or gray prior to wasp pupation.
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Aphidius matricariae
Parasitic Wasp

Adult wasps are 3 mm in length and black in color. Females
lay a single egg in up to 150 aphids, killing them in 7 to 10
days. Works primarily on green peach/tobacco aphid. The
aphid mummy turns light brown to silvery-gold in color.

Shipping/Storage

Shipped as vials of mummies. Some may emerge during
shipment. May be stored in the dark up to 18 hours at
47–50°F.

APHIDS

How to Release

Release 1 per yd2 for prevention, and 2 per yd2 in infested
zones. Hold vial horizontally and remove lid amongst the
plants. Gently tap the open vial while walking through the
crop until all adults have escaped. Recap the vial and store
at greenhouse temperature until more adults have hatched
and repeat the process for 2 to 4 days. After this time frame,
place the open vial in a shaded area among the crop to allow
the rest of the wasps to emerge. Leave the vial near infested
plants to allow remaining wasps to emerge.

How to Manage

Keep greenhouse temperature at 50–85°F with 77° being
ideal, and keep humidity at 60–85%. Not affected by short
day periods, so they can be used year-round. Look for aphid
mummies 10 to 14 days after first release, and leave these in
the greenhouse.

Pests they Control

primarily green peach/tobacco aphid; some suppressive
effect on other aphids

14

A. matricariae is a medium-sized parasitoid, with a reddish-brown
abdomen.

APHIDS
Females insert a single egg inside up to 150 aphids by curving her
abdomen upward and piercing the skin.

Parasitized aphids turn light brown to silvery-gold in color.
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Aphidoletes aphidimyza
Predatory Gall Midge

These midges do well at managing hot spot outbreaks. The
tiny adults resemble mosquitoes, with extended antennae
and long, drooping legs. At night, females seek out aphids
by honeydew scent, and lay around 70 tiny, orange eggs
within the colonies. The larvae, also orange, hatch in 2 to 4
days. They hold aphids with their mouthparts as they feed,
devouring up to 80 each. Dead aphids are brown to black,
and shriveled. Larvae pupate in soil media.

APHIDS

Shipping/Storage

Shipped as black pupae in blister packs or plastic bottles with
a vermiculite carrier. Upon receipt of shipment, if adults have
not started emerging, open container into a 5-gallon bucket
with a mesh lid (at 75–95°F). Check the bucket twice daily for
emergence. Midges will mate on the mesh.

How to Release

Release 1 to 3 midges per yd2 for preventive measures; 2
to 9 per yd2 for curative. Place or hang opened containers
amongst shady, infested plants, and allow adult midges to
fly out. Pupae should not dry out, so do not shake contents
onto plants.

How to Manage

Keep temperature between 60–80°F, and humidity at
50–90%. If using a soil-based media, midges will continue
reproduction and become established after 3 to 4 releases.
The larvae enter diapause in fall due to shorter day length,
so Aphidoletes should only be used from spring to summer
unless supplemental light is provided for the crop.

Pests they Control
most aphid species
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Aphidoletes is a fly that resembles a tiny mosquito. Females seek out
aphid colonies for egg-laying.

APHIDS
Midges can be yellow or orange, and voracious feeders. Dead aphids
are shriveled and black.

Aphidoletes are sold as pupae. Blister packs can be hung on plants,
and adults emerge over time.
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Chrysoperla rufilabris
Green Lacewing

Although only the larvae are predatory, lacewings are highly
effective, consuming more than 200 aphids per week,
earning them the nickname “aphid lion”. Larvae are 9–10 mm
long and live for 2 weeks. When feeding, they grasp prey
with large mandibles and inject a paralyzing agent before
drawing out the bodily fluids. Adult females can lay more
than 200 eggs and require honeydew, nectar, or pollen to
survive.

APHIDS

Shipping/Storage

May be sold as eggs, larvae, or adults. Eggs are shipped
loose in an inert carrier medium but there may be losses
in shipment. Larvae work fastest, but are more expensive
because they are cannibalistic, and must be shipped in
individual cells. Adults are used for outdoor crops. Release
right away; do not store.

How to Release

See supplier information for release rates depending on
eggs, larvae, or adults. Repeat release in 1 to 3 weeks.

How to Manage

Keep temperature at 60–89°F and humidity above 30%.
Maintain nectar and pollen-producing plants in the
greenhouse as food for adults. Difficult to scout, as adults
and larvae are most active at night.

Pests they Control

aphids, mealy bugs, thrips, scale, spider mites
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It is important that nectar is available for adults upon release.

APHIDS
Lacewing larvae consume more than 200 aphids per week. Eggs are
laid on delicate strands of silk to protect them from predators.

Lacewings can be shipped as adults.
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Hippodamia convergens

Convergent Lady Beetle and other species
Convergent lady beetle adults vary in coloration (orange to
red) and can have up to 13 black spots. They are 4 to 7 mm
in length with short, clubbed antennae. Larvae are black and
alligator-like. Females will lay up to 300 eggs over a several
month period near their prey. A single lady beetle (both
larval and adult stages) can consume up to 5,000 aphids in its
lifetime.

Shipping/Storage

APHIDS

Shipped in canisters as adults among protective material,
such as shredded paper. Can be refrigerated for one to two
months. Inexpensive.

How to Release

Release in the evening, at a rate of 1 to 4 adults per yd2
or around infestations in the evening, and ensure there is
shade available. Mist plants prior to release, as beetles may
be dehydrated from travel. Release adults weekly, for 2 to 4
weeks.

How to Manage

Lady beetles tolerate a wide range of temperatures and
humidities. H. convergens have a tendency to disperse even
when there is an ample food source. Maintain flowering
plants and aphid-infested plants in the greenhouse for
continued survival. Beetles overwinter in south-facing
cracks and crevices and may establish themselves within a
greenhouse.

Pests they Control

aphids, scale, thrips, whitefly, mites
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Adult lady beetles live for several months, but it can take up to 5
weeks for mating and egg-laying to occur after release.

APHIDS

The bright yellow clusters of eggs are easy to spot among aphid
colonies.

Larvae can consume several hundred aphids before pupating to an
adult.
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FUNGUS GNATS
Pest Information
These are small (3mm) flies that resemble mosquitoes. They
have characteristic long legs, long antennae, and a Y-shaped
vein on the tip of the wing. They fly in short, darting
movements.
Females lay up to 200 eggs in the soil of potted plants.
Larvae live for up to 20 days, feeding on plant root hairs in
the top few inches of the soil. They pupate near the soil
surface.

FUNGUS GNATS

Symptoms

Wilting and reduced vigor due to root loss. Young seedlings
and plugs are especially vulnerable. Adults do not feed on
plants, but can be a nuisance.

Monitoring

Set yellow sticky traps at or before setting seedlings.
If the pot size is large enough, press potato slices into the
soil surface. Larvae can be found on the top and bottom of
the potato within 24 to 48 hours. The threshold for damage
is 3 to 5 larvae per potato in propagation pots and 15 to 20
larvae in production pots.

Options (in order of effectiveness)
(All also work on most thrips species)
- Nematodes plus Stratiolaelaps mites
- Nematodes
- Stratiolaelaps mites
- Rove beetles plus Stratiolaelaps
- Rove beetles

22

Fungus gnat adults spend most of their time on the soil surface,
flying when pots are moved or when watering occurs. Adults live for
about 10 days, and lay up to 200 eggs.

FUNGUS GNATS

Larvae are the primary damaging stage, feeding on fine root hairs
near the soil surface.

Fungus gnats can be monitored using yellow sticky traps. They are
identified by their long legs.
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Dalotia coriaria

(formerly Atheta coriaria)
Predatory Rove Beetle
Rove beetle adults and nymphs are effective soil-dwelling
predators of mites and other small insects. The brown-black
adults are 3–4 mm in length and have short wings, enabling
them to spread throughout the greenhouse. The abdomen
curves upwards, similar to scorpions.

FUNGUS GNATS

Larvae are thin, pale yellow, and become darker in the later
larval stages. Individual beetles live for up to 60 days. Adults
may consume up to 150 fungus gnat larvae per day.

Shipping/Storage

Shipped as mixture of adults and larvae in vials, bottles, or
cardboard tubes. If necessary, containers can be held at 50°F
for up to 2 days.

How to Release

Release 1 to 5 adults per yd2, directly onto the surface of
the growing medium. Adults will readily fly throughout
the greenhouse. To encourage mating and reproduction,
concentrate 50 to 100 in one central location. Repeat in 7
days. Rove beetles are most effective when released before
infestations become severe; they cannot be used as a rescue
treatment.

How to Manage

Keep greenhouse temperature at 55–80°F, and the humidity
at 50–80%. Use along with Stratiolaelaps mites for best
overall protection. Rove beetles can become established in
a greenhouse year-round. Scout for them by using potato
slices on soil media (they are attracted to the fungus gnats
that feed on the potato), or by placing shelter such as flat
rocks, on the greenhouse floor. Lift rocks periodically to
locate the beetles.
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Pests they Control
fungus gnats, shore flies, soil-stages of thrips

Adult Dalotia rove beetles are small and brown-black. Typical to rove
beetles, the abdomen curves upwards.

FUNGUS GNATS
Both adults and larvae prey upon larvae of fungus gnats, and adult
beetles also target shore flies and thrips in the soil.

Dalotia can be monitored using potato slices. The rove beetles are
either attracted to the potato or the fungus gnat larvae feeding there.
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Stratiolaelaps scimitus

(formerly Hypoaspis miles)
Soil-Dwelling Predatory Mite

Stratiolaelaps is a soil-dwelling mite which feeds on fungus
gnat larvae and other small insects and mites. Adults are
minute, less than 1 mm in length, tan in color, with a shield
shape on their backs. They will spend their entire life cycle in
the soil. They are most effective where plants are grown in
6-inch containers or larger.

FUNGUS GNATS

Stratiolaelaps can live 7 days without food. They are costeffective, and live for 6 to 8 weeks.

Shipping/Storage

Shipped in shaker tubes containing all life stages in a
vermiculite or peat carrier with prey mites. They should be
released as soon as received, but can be stored at 50–60°F for
up to 2 days.

How to Release

Release while gnat populations are low (less than 10 per trap
per week), at a rate of 10 mites per ft2. in infested areas, use
30 mites per ft2. Gently tilt bottle to mix and sprinkle small
piles over the soil surface.

How to Manage

Do not let greenhouse temperatures drop below 60°F.
Keep soil moist but not too wet. If containers are less than
6-inches in size, use nematodes instead. Compatible with Bt
and nematodes.

Pests they Control

soil stages of thrips, fungus gnat larvae
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Stratiolaelaps is mite that targets thrips and fungus gnat larvae in the
soil. Adults have a darker shield shape on their backs.

FUNGUS GNATS

The mites can consume up to 7 fungus gnat larvae per day.

Stratiolaelaps are sold in shaker tubes with prey mites as a food
source for shipping. Apply by shaking piles directly onto potting
media. The mites work best in 6-inch or larger pots.
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Steinernema feltiae
Beneficial Nematode

S. feltiae are microscopic, worm-like parasites that are very
effective at controlling fungus gnat larvae that occur in the
potting media. They kill larvae by entering the body through
natural openings, and feeding on the contents that have
been liquefied by bacteria injected by the nematode. If the
fungus gnat population in the greenhouse reaches 100 per
sticky card per week, it is too late for nematodes.

FUNGUS GNATS

Shipping/Storage

Shipped in a wettable clay powder which holds several
million active units each. Immediate release is ideal;
however, nematodes may be refrigerated at 40°F for several
months. Do not let the nematodes freeze, and keep the
storage temperature constant. When mixing from storage,
make sure the mix water is a similar temperature (may need
ice packs), or let the nematodes warm first.

How to Release

Apply directly to moist media through the irrigation system,
sprayer, or watering can. Agitate nematode container
continuously. Apply at sunset to provide maximum shade for
the nematodes. Ensure that the crop remains wet for at least
2 hours afterward by closing windows and ventilation.

How to Manage

Nematodes can be killed if soil dries out or if the surface
temperature is above 85°F. Monitor thrips populations with
yellow or blue sticky traps to determine efficacy. A reduction
in adults may be seen in 2 to 3 weeks. May need to re-apply
in 2 to 6 weeks.

Pests they Control

fungus gnats, fruit flies, flea beetles, shore flies, slight
suppression of thrips (soil stages)
28

Nematodes require a microscope to see their features. But a strong
magnifying lens can be used to determine if nematodes are viable in
the water mix.

FUNGUS GNATS

Nematodes are sold in a wettable clay powder, in sealed packets.

Nematodes can be applied via irrigation system, hose, or watering
can.
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MEALYBUGS
Pest Information

Mealybugs are very small, soft-bodied, oval-shaped insects that are covered with a white, powdery wax coating.
Depending on the species, the waxy coating may be long
projections or short tufts. Females lay up to 600 eggs in a
cottony sac beneath her body. Crawlers are yellowish and
waxless. Upon settling, mealybugs are mostly immobile, and
form clustered colonies on the plant.

MEALYBUGS

Symptoms

Mealybugs feed by sucking plant juices, reducing plant vigor,
and causing leaves to turn yellow, wilt, and drop. They also
excrete a sticky substance called honeydew, which promotes
sooty mold and attracts feeding ants.

Monitoring

Conduct visual inspections regularly. Look for white flecks
or cottony residues along the leaf midribs, on leaf stem axils,
and on the underside of leaves and near the base of plants.
Honeydew, sooty mold, and the presence of ants may also
be an indication of a mealybug infestation. Controlling ants
allows parasites and predators to attack mealybugs.

Options (in order of effectiveness)

- Cryptolaemus (mealybug destroyer)
- Lacewings (see page 18)
- Anagyrus pseudococci
- Leptomastix parasitic wasp (citrus mealybug only)
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Citrus mealybug has short, waxy filaments of equal length around its
abdomen. It is a pest of citrus, coleus, begonia, amaryllis, cyclamen,
dahlia, hibiscus, gardenia, oleander, and others.

MEALYBUGS

Obscure mealybugs are light gray to white and have a medium
length “tail”. They occur on a wide variety of hosts.

The solenopsis mealybug has an oval body with a waxy covering
with dark areas on the thorax and abdomen. This species has a
wide host range of broadleaf species including tomatoes, eggplant,
melons, and potatoes.
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Anagyrus pseudococci
Parasitic Wasp

Although Anagyrus are the most commonly bred,
commercially available parasitoid for mealybug control, it
only feeds on certain mealybug species. Females are 1.5–2
mm with dull orange-brown coloring and a yellow, triangular
head. Their antennae are distinctly black and white banded.
Males are black.

MEALYBUGS

Females lay up to 45 eggs, one at a time, within mealybug
nymphs. The wasp larvae progress through 5 instars,
eventually paralyzing the host. Larvae pupate inside the
yellow-brown mummified host, and adults emerge through
an irregular hole in the rear of the mealybug.

Shipping/Storage

Shipped as mummified mealybugs mixed in sawdust and
ready to emerge. Do not store.

How to Release

Place the open container in a dry, shady place near
infestations at a rate of 1 wasp per 5 ft2. Release at dusk for
best results. Adults will emerge from mummies within 5
days. They will immediately mate and look for mealybugs to
parasitize.

How to Manage

Keep temperatures between 65–93°F, and humidity at
50–90%. The first mummies should be seen about 3 weeks
after introduction. Works well with Cryptolaemus.

Pests they Control

cassava mealybug, citrus mealybug, Comstock mealybug,
cryptic mealybug, long-tailed mealybug, obscure mealybug,
pink hibiscus mealybug, vine mealybug
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Female Anagyrus wasps are dull orange to brownish and larger then
the black males. Antennae are black and white banded near the head.

MEALYBUGS

Anagyrus wasps can be used with Cryptolaemus for best control of
mealybugs.

Wasp larvae develop inside the mealybug body. Adults emerge
through an irregular hole on the abdomen.
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Cryptolaemus montrouzieri
Mealybug Destroyer

A relative of the lady beetle, Cryptolaemus is a shiny black
beetle with a bronze head and thorax. They are nicknamed
“Crypts” and also known as mealybug destroyers. The
beetles will live for roughly 3 weeks as larvae and up to 2
months as adults.

MEALYBUGS

Females can lay 10 eggs per day, but only within the
presence of mealybug egg masses. Crypts larvae are covered
in white wax, and resemble the mealybugs, but are usually
larger. Both larvae and adults feed on all mealybug stages,
and they can clean up a large infestation.

Shipping/Storage

Crypts are shipped as pre-fed and pre-mated adults. Release
within 18 hours and do not store.

How to Release

Mist foliage and release insects at sundown at a rate of 2
to 5 per infested plant. Gently tap the beetles out of their
container onto foliage, or evenly throughout the crop after
allowing beetles to warm up.

How to Manage

Ideal conditions are temperatures at 66–72°F and humidity
at 70–80%. Crypts are drawn to white objects. Experiment
with placing white cards near mealybug zones to improve
beetle way-finding. Scout for the adults and larvae among
mealybug populations.

Pests they Control

mealybugs; other small insects
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Crypts adults are shiny brown-black with a bronze head. They live up
to 2 months.

MEALYBUGS

Larvae are covered in white wax filaments, resembling mealybugs,
but are slightly larger.

Crypts adults and young larvae prefer eggs, while mature larvae
consume mealybugs of all stages. A single larva can consume up to
250 mealybugs before pupating to an adult.
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Leptomastix dactylopii
Parasitic Wasp

Leptomastix is specific to citrus mealybug. Adult wasps
are yellowish-brown and 3 mm in length. They move in a
distinctive manner, flying in short hops.

MEALYBUGS

Females are slightly larger than males, and they lay a single
egg in up to 100 mealybugs over a two-week period,
preferring older mealybugs. Larvae hatch and feed on the
mealybug contents while progressing through 4 instars. The
mealybug then turns into a brown, barrel-shaped mummy.
Adults emerge through a hole it cuts in the mealybug
carcass. Adults live 24 to 27 days.

Shipping/Storage

May be in limited supply from insectaries. Shipped as
adult wasps or mealybug mummies in small vials. Release
promptly upon receipt for best results.

How to Release

See supplier for release rates. Wasps should be released
near mealybug infestations. Leptomastix can detect which
mealybugs have already been parasitized, and will move
onto other prey. They are able to hunt down even sparse
populations of mealybugs.

How to Manage

Keep temperatures at 70–80°F, and humidity above 70%.
Do not use broad-spectrum insecticides within 4 to 6 weeks
of release. When monitoring, look for brown mealybug
mummies.

Pests they Control
citrus mealybug
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Leptomastix adults are yellowish-brown with distinctly long, black
antennae.

MEALYBUGS
Females are attracted to the odor of infested plants. They can sense
parasitized mealybugs and avoid laying eggs in them.

Larvae develop inside the citrus mealybugs and emerge through a
large hole cut through the end of the abdomen.
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SCALES
Pest Information
Scales are immobile insects that can be found on woody
species year-round, and on herbaceous plants during the
growing season. They fall into two groups: armored scales
and soft scales, with armored scales being more difficult
to manage. Adults of most species of scales are circular
to oval, wingless, and lack a separate head or other easily
recognizable body part. Armored scales are less than 1/8
inch in diameter, while soft scales are slightly larger and have
a smooth, cottony, or waxy surface. Newly hatched nymphs
of all scale types are called crawlers, and are mobile for 2 to
14 days, depending on the species.

SCALES

Symptoms

Soft scales feed by inserting their straw-like mouthpart into
the plant and extracting plant sap. They excrete a sticky
excrement (honeydew), coating leaves and stems. Armored
scales feed on contents of mesophyll cells (not sap), and
thus do not produce honeydew. When abundant, scale
feeding causes reduced plant vigor and dieback. Infested
plants appear water-stressed, leaves turn yellow and drop
prematurely, and plants that remain heavily infested may die.

Monitoring

Conduct regular inspection of plants for the presence of
scales in the form of adults, nymphs, or crawlers. Check
for honeydew on foliage, sooty mold, or ants, which may
indicate soft scales. Wrap double-sided sticky tape around
infested stems to determine the timing of scale crawler emergence; they will appear as yellow or orange specks.

Options (in order of effectiveness)

- Aphytis melinus (golden chalcid; for armored scales)
- Lindorus lady beetles
- Lacewings (for scale crawlers; see page 18)
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Black scale is a soft scale with a wide host range, including elephant
ear, citrus, fig, fuchsia, grape, olive, palm, pistachio, and pomegranate.

SCALES

Brown soft scale is a common greenhouse pest, shown here on
rooster vine.

Lecanium scale is one of the more common outdoor soft scale
species in Utah.

Scales with circular holes indicate parasitism.
39

Aphytis melinus
Golden Chalcid
Golden chalcid is an economical wasp that is used for
managing armored scales in greenhouses, interiorscapes,
and outdoor perennial crops, including orchards. Adults are
small, have short antennae, and are yellow in color. They
lay a single egg under the waxy coating of up to 100 scales.
They target 2nd and 3rd instar female scales and 2nd instar
and pre-pupae male scales. They also directly consume other
stages of scales.

SCALES

In parasitized scales, the wasp larva feeds on the scale body,
and after about 18 days, the adult wasp emerges by cutting a
round exit hole. Adults live up to 24 days.

Shipping/Storage

Shipped overnight as adult wasps, and must be released
immediately. Do not refrigerate.

How to Release

Release Aphytis at a rate of 3 to 6 per ft2 or 5 to 10 per plant.
Allow wasps to adjust to ambient temperatures before
release, and do not release in direct sun. Tap the container
gently to dislodge the wasps while walking through the
greenhouse. Leave the open container in a shady area near
plants to allow the rest to emerge. Three weekly releases are
recommended.

How to Manage

Keep temperatures between 60–85°F and relative humidity
at least 50% for optimal effects. Monitor for parasitism by
examining scale colonies. Parasitized scales look dried out
and have a round exit hole (requires a 10–30x hand lens
to see). Parasitized scales will also easily rub off, unlike live
scales. The golden chalcid can become established in indoor
areas in which it is released. Wasps cannot survive cold
winters.
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Pests they Control

armored scales only, including California red scale (preferred
host), San Jose scale, citrus yellow scale, oystershell scale,
magnolia white scale, and oleander scale

Female Aphytis wasps lay a single egg beneath the scale cover.
Because the larva feeds outside the scale body, Aphytis is considered
an ectoparasite.

SCALES
Remove the waxy cover of a parasitized scale to see the flat and
dehydrated dead scale, and the parasite’s cast skin and fecal pellets.

Aphytis wasps are shipped as adults and should be released
immediately.
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Lindorus lophanthae

(formerly Rhyzobius lophanthae)
Singular Black Lady Beetle
Rhyzobius is a small (1.5–3 mm) relative of lady beetles that
feeds voraciously on both armored and soft scale species.
Adults have fuzzy black bodies and a brown head, and
lay hundreds of eggs among scale colonies. Larvae are
dark-bodied and covered with shorter spines.
Both adults and larvae are predaceous. The beetles generally
live 11 weeks from larva to adult.

SCALES

Shipping/Storage

Shipped as pre-mated adults in vials, and must be released
on the day of receipt.

How to Release

Release directly on infested plants at a rate of 3 to 6 per 10 ft2,
or 3 to 5 per plant. Mist plant foliage before release. Gently
tap on the vial to release the beetles. Lindorus cannot handle
too much honeydew from soft scales.

How to Manage

Optimal conditions are between 60–87°F with 20–90%
humidity, but beetles may be active in temperatures as
low as 40°F. Two to three applications are recommended,
applying once every 3 weeks. Keep ant populations down,
as they will feed on beetles. Pollen-producing plants will
provide extra food for adults. Due to their tiny size, Lindorus
are difficult to scout.

Pests they Control

armored and soft scales, mealybug larvae, and various insect
eggs
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Adult Lindorus beetles have fuzzy black bodies. They can clean up
large scale populations, but do not like honeydew from soft scales.

SCALES

Larvae feed on eggs and the youngest scale nymphs.

Lindorus beetles are shipped as pre-fed, pre-mated adults. They
should be released immediately.
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SPIDER MITES
Pest Information
There are several species of spider mites in greenhouses, with
two-spotted being most common. They require a hand lens
(20x) to see, and mostly feed from the undersides of leaves.
They are oval-shaped, and cream-colored. The body contains
two large, dark, visible spots that are an accumulation of
body wastes. Young mites may lack the spots. Populations
increase rapidly in hot, dry conditions.

SPIDER MITES

Symptoms

Mites feed by piercing leaf cell walls with their mouthparts
and sucking out the cells contents, causing them to become
non-functional. Leaves become stippled, and with heavy
feeding, will appear chlorotic overall with some dieback.
Plant growth will decline.

Monitoring

Monitoring must be conducted by visual inspections. Watch
for leaf discoloration and inspect the undersides of leaves for
spider mites. In addition, shake leaves over a white piece of
paper and watch for small dark specks moving on the paper.
Webbing found on the undersides of the discolored leaves
indicate a high population.

Slow-release sachets

Recent innovations in biocontrols have introduced options
that allow for continued release of predatory mites. The
biocontrol is mixed with a prey mite and a food source for the
prey mites. The predatory mite is able to reproduce within
the sachet and they emerge through an existing opening
over a period of up to 7 weeks. Hang them in shady areas
(within the plant), away from irrigation, and in an even
distribution. If the sachets are placed hot, dry conditions, the
biocontrol mite eggs will shrivel and die.

Options:
- See table on next page
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Two-spotted spider mites are the most common mites occurring in
greenhouses. The dark spots are produced during feeding.

SPIDER MITES

Spider mites feed by removing chlorophyll from cell contents. This
results in a type of injury called stippling.

Beneficial mite sachets are a “breeding environment” containing the
predatory mites, a non-pest prey mite, and a food source for the prey.
The beneficial mites crawl out of the sachet over several weeks.
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Can use outdoors
or in high tunnels

Temperature

Humidity

Pollen is an
alternate food
source

Use at high pest
density

Use at low pest
density

Characteristics

X

68-77°F

wide range

X

X

Andersoni

X

60-80°F

>60%

X

X

Californicus

Biocontrol Options for Spider Mites

X

48-100°F

>40%

X

X

Fallacis

X

50-98°F

>50%

X

X

80-110°F

>30%

70-85°F

60-90%

X

X

Feltiella Galendromus Persimilis

SPIDER MITES

X

61-90°F

>50%

X

Stethorus

Available as
sachets

Pesticide resistant

X

X

X

X

X

Diapauses in fall

X

Fallacis

X

X

Use in warm
conditions with
high humidity

Californicus

Use in warm
conditions with
low humidity

X

Andersoni

Use in cool
conditions

Characteristics

Biocontrol Options for Spider Mites, continued

X

X

X

X

Feltiella Galendromus Persimilis

SPIDER MITES
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X

Stethorus

Amblyseius andersoni
Predatory Mite

SPIDER MITES

Mites are 1 mm in size, beige in color, and teardrop-shaped.
They are not readily distinguished from other predatory
mites. Females will lay up to 35 eggs (one at a time onto
the hairs of leaves) in her 3-week lifetime. Eggs hatch after
2 to 3 days. Both immatures and adults feed on all stages of
mites (eggs, nymphs, adults). When prey is absent, they will
survive on pollen. A. andersoni should be used when mite
numbers are low, and is active at cooler temperatures than
other predatory mites. Short autumn days force them into
diapause. Can be used in greenhouses or on outdoor crops
such as vegetables, fruit trees, and ornamentals.

Shipping/Storage

Mites are shipped in slow-release sachets (some are
waterproof for outdoor use) or cardboard tube with carrier.
Release as soon as possible (do not refrigerate).

How to Release

For shaker tubes, release 2 to 3 mites per ft2. Gently shake
or blow contents of the container onto crops near flowers.
For sachets, use hooks to hang in shady areas at 6-ft spacing
along the crop row (or 1 sachet per tree). Sachets will last
approximately 6 weeks.

How to Manage

Tolerates a wide range of temperatures (43–104°F, ideally,
68–77°F) and humidities. Higher humidity is better for higher
temperatures. Best used preventively and in combination
with another biocontrol agent. Compatible with P. persimilis
and Stethorus punctillum. For sachets, determine mite release
by placing one on a yellow sticky for observation. When
scouting, use a hand lens to look for the predatory mites that
will be faster-moving than pest mites.
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Pests they Control

spider mites, eriophyid mites, broad mite, cyclamen mite,
thrips; also feed on pollen

A. andersoni mites are beige and pear-shaped.

SPIDER MITES
A. andersoni mites do not consume as many spider mites per day as
other predatory mites, but they work well with P. persimilis, and their
presence helps to deter spider mite establishment.

Sachets are a convenient way to release predatory mites.
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Feltiella acarisuga
Predatory Gall Midge

Adults are 2 mm in length with pink-brown coloring.
Females seek out spider mites to lay shiny, oblong eggs.
Only the small, orange-brown larvae are predatory, foraging
for eggs and most mite stages. Each larva consumes up to
300 mite eggs over a period of 8 days. They pupate in white
cocoons along veins on the undersides of leaves.

SPIDER MITES

This midge is compatible with predatory mites. It will not
persist without spider mites for sustenance, so this biocontrol
should only be used during infestations, and not as a
preventive measure. Can be used seasonally on field crops
and year-round on greenhouse crops.

Shipping/Storage

Shipped as pupae on leaves. Some adults may have emerged
upon arrival. Do not store.

How to Release

Release 1 to 10 midges per yd2, depending on infestation
level. Open container and place it within the crop, allowing
adults to disperse, or spread leaves throughout crop. Release
weekly for 3 weeks.

How to Manage

Feltiella tolerates 50–98°F, but 72°F is optimum. Keep
humidity between 50–90%. Use in combination with P.
persimilis and/or N. californicus. Scout by looking for the
larvae among spider mites, shriveled black mites, or the
white cocoons on the undersides of the leaves.

Pests they Control

two-spotted spider mite, carmine mite, European red mite
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Feltiella larvae are tiny, cream- to pink-colored maggots. They eat all
stages of spider mites, in particular eggs.

SPIDER MITES
The adult is similar to a tiny gnat, and are usually not seen. Females
lay eggs among spider mite colonies.

For the best mite control, use Feltiella with beneficial mites, such as P.
persimilis or N. californicus.
51

Galendromus occidentalis

(formerly Typhlodromus occidentalis)
Western Predatory Mite

SPIDER MITES

The western predatory mite is one of the primary native
spider mite predators in the western U.S., and tolerates hot,
dry conditions. Similar in appearance and life cycle to N.
fallacis and N. cucumeris, adults are pear-shaped, and range
in color from red, yellow, to beige. Females lay around 21
pear-shaped eggs over the course of their 30-day life span.
G. occidentalis feeds primarily on spider mite nymphs and
adults, but not eggs. Can be used on outdoor crops. Mites
go into diapause for the winter.

Shipping/Storage

Shipped in a corn grit carrier, or on bean leaves for faster
results. Do not store.

How to Release

Release 2 mites per ft2. Softly rotate the container to mix,
and shake or blow mites onto foliage of infested crops.
Mist foliage prior to application. For outdoor crops, release
2,000–5,000 per acre bi-weekly for 2 to 3 applications.

How to Manage

Mites prefer warm temperatures (80–110°F) and low
humidity (<30%). Only use on outdoor crops or in dry
greenhouses. When scouting, use a hand lens to look for the
predatory mites that will be faster-moving than pest mites.

Pests they Control

two-spotted spider mites, rust mites, European red mite
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The western predatory mite is slightly larger than two-spotted
spider mites, is pear-shaped, and moves quickly among spider mite
colonies.

Western predatory mites are primarily sold in containers.
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SPIDER MITES

These mites feed primarily on spider mite nymphs and adults, but
not eggs. They do best in hot, dry conditions and should not be used
in humid greenhouses.

Neoseiulus californicus

(formerly Amblyseius californicus)

SPIDER MITES

Predatory Mite
N. californicus is a unique spider mite biocontrol in that it can
survive in the absence of prey, and can tolerate humidity
below 60%. It is effective for both preventive and curative
situations. The tiny, clear to pale yellow mites are known
for their ability to hunt far and wide for prey, but are not
voracious, feeding on 1 adult or 2 eggs per day. Females will
lay up to 43 eggs among pest mites colonies and in spider
mite webbing. The life cycle lasts 2 to 4 weeks, depending on
temperature. Less voracious than P. persimilis, it has a higher
survival rate when two-spotted spider mite populations are
low. Can also be used in high tunnels or outdoor crops.

Shipping/Storage

Shipped as a mix of life stages in bottles filled with carrier
material, or slow-release sachets. Can refrigerate (keep
bottles horizontal) at 55°F up to 5 days.

How to Release

For shaker bottles, gently rotate container to evenly
distribute mites, and shake or blow at a rate of 10 (low
infestation) to 20 mites per ft2 (high infestations). Hang
sachets every 6 ft in shady areas of the crop, concentrating
them in hot spot areas.

How to Manage

This mite prefers temperatures between 60 and 80°F and
60% humidity or greater, but handles most greenhouse environments. They are slower-acting than other mite predators,
however they can survive without prey by feeding on pollen
or other small insects. Often released with P. persimilis. For
sachets, determine mite release by placing one on a yellow
sticky card. When scouting, use a hand lens to look for the
predatory mites that will be faster-moving than pest mites.
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Pests they Control

two-spotted spider mite (primarily), broad mite, cyclamen
mite, and russet and other eriophyid mites

N. californicus are fast-moving mites that range in color from pale
cream to peach or pink. Males are slightly smaller than females.

When applying mites in shaker bottles, mist foliage first. Female,
shown at right.
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SPIDER MITES

N. californicus mites will hunt far and wide for mites, and can be used
outdoors. They will feed on pollen in the absence of prey.

Neoseiulus fallacis

(formerly Amblyseius fallacis)
Predatory Mite
N. fallacis is a voracious, generalist mite predator that can
survive in hot, dry conditions, and also reproduces in lower
temperatures than other predatory mites. It is effective for
both preventive and curative situations. Adult mites are
small and pear-shaped. Females lay an average of 50 eggs
over the course of their 20- to 60-day lifespan. Can be used
in many situations including interiorscapes, orchards, field
crops, and high tunnels. They overwinter in most any area.

SPIDER MITES

Shipping/Storage

Shipped in bottles with a dry carrier, or on bean leaves. Best
not to store, but if needed, can refrigerate for one night.

How to Release

In the greenhouse, release 1 to 5 mites per yd2, using 150–
200 release points. Most effective when released at first sign
of infestation. In orchards and field crops, release 7,000 to
10,000/acre when spider mite densities are 0.3/leaf or higher,
in 60–80 release spots.

How to Manage

N. fallacis mites are resistant to many pesticides and feed/
reproduce in a wide range of temperatures (48–100°F). For
optimum benefit, use in areas with dense canopy and 40%
humidity or greater. The mites are persistent, and will spread
if given time, especially if pollen is provided. When scouting,
use a hand lens to look for the predatory mites that will be
faster-moving than pest mites. Look for eggs along the ribs
of the undersides of leaves.

Pests they Control

two-spotted spider mite, European red mite, spruce spider
mite, russet mites
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N. fallacis mites are almost indistinguishable from other Neoseiulus
species. They are voracious predators that can be used preventively
or curatively.

SPIDER MITES
N. fallacis mites can be released outdoors, in orchards or field crops.
Some suppliers sell them on beans containing a food source to cover
the time spent in shipment.
57

Phytoseiulus persimilis
Predatory Mite
A mainstay for spider mite management in greenhouses, P.
persimilis is an aggressive predator and quite economical.
This vibrant orange mite cannot survive without prey and
requires multiple releases. They feed on all mite stages and
reproduce faster than spider mites. Their mere presence
causes spider mites to reduce egg-laying. Each female will
lay up to 60 eggs within spider mite concentrations. Their
lifespan is approximately 8 days as immatures, and 36 days as
adults. Not good for high tunnels.

SPIDER MITES

Shipping/Storage

Mites are shipped in vials or bottles with a carrier such as
vermiculite, or on bean leaves, with all life stages plus a food
source. Do not store mites in cold storage for more than 8
hours. Allow mites to warm up for 2 hours before release.

How to Release

Release approximately 6–50 mites per yd2. Mist foliage
before release. Gently rotate the bottle or vial to distribute
mites evenly. Open the container in the crop area and gently
tap the mites out onto plant foliage. Leave container open in
the crop area for 24 hours to be sure all mites have dispersed.
Release weekly for 3 weeks.

How to Manage

Ideal conditions are temperatures between 70–85°F
(tolerates 60–90°F) and 60–90% humidity. Mites perform
best on low growing plants, and do not tolerate high
temperatures or low humidity. Monitor for effectiveness
by scouting for the fast-moving predators among black,
shriveled spider mites. P. persimilis requires 2 to 3 weeks
to decimate spider mite populations. Can be used with N.
californicus. New infestations will require a new release.

Pests they Control

specializes on two-spotted spider mites
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Adult P. persimilis mites are red, and slightly larger than prey mites.

SPIDER MITES
Each female mite lays up to 53 eggs in its lifetime, while two-spotted
spider mite females lay up to 38 eggs.

This mite is able to sense odors (kairomones) to locate prey. When
they encounter spider mite webbing, their search activity intensifies.
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Stethorus punctillum
Spider mite destroyer

SPIDER MITES

Related to lady beetles, Stethorus punctillum targets high
densities of spider mites. Adults are tiny and oval shaped,
and dark brown to black in color. Females must eat 20 to 40
spider mites (of any life stage) per day to initiate and sustain
egg-laying. They lay 3 to 13 eggs per day and may live up to
2 years. Larvae are slow-moving and gray with conspicuous
legs, and may eat a total of 240 mites before pupating. All life
stages feed on spider mites during their 14–20 day lifespan.
Stethorus is expensive, and should only be used when
economically feasible.

Shipping/Storage

Shipped in bottles containing adults in packing material. Do
not store.

How to Release

Release 100 per hot spot, or 1 to 4 beetles per yd2, or 200 to
500 per acre. Repeat weekly for 4 weeks.

How to Manage

Ideal temperatures are between 61–90°F. Best when used
with predatory mites (N. fallacis or P. persimilis). When
monitoring, look for small gray larvae on the undersides of
leaves. Two months after the first introductions, all stages
should be present in the mite-infested areas. Be careful not
to throw out leaves with pupae on them. Beetles are mobile,
but slower to establish than other spider mite predators.

Pests they Control

two-spotted spider mite
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Stethorus beetles are tiny and black in color. Adults and larvae feed
on all stages of spider mites.

SPIDER MITES
Stethorus adults and larvae can be found feeding on spider mites in a
variety of crops including fruit orchards and strawberry fields.

Adult Stethorus can consume 75 to 100 mites per day and mature
larvae can devour up to 75 mites per day.
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THRIPS
Pest Information

THRIPS

Onion thrips (Thrips tabaci) and western flower thrips
(Frankliniella occidentalis) are a major problem in many
greenhouse crops, especially in cucumber. Other damaging
species which sometimes occur are the rose (cereal) thrips
(Thrips fuscipennis) and Echinothrips americanus.
Adults are small (2mm long) with slender brown bodies and
fringed wings. They lay up to 250 eggs on blossoms, leaves,
or young fruit. Larvae are cream-colored and worm-like and
pupate in the soil (except Echinothrips, which pupates on the
undersides of leaves). Thrips have a wide host range of many
ornamentals and vegetables. Adult western flower thrips can
vector viruses, including impatiens necrotic spot virus, and
tomato spotted wilt virus.

Symptoms

Adults feed by scraping plant cells, and piercing/sucking
out the juices. Both flowers and leaves can show symptoms.
Tissue can have bleached-looking spots, or appear silvery in
appearance. A characteristic sign is black spots of excrement
at the feeding sites.

Monitoring

Set blue or yellow sticky cards early in the crop cycle. Thrips
will be the smallest insects on the cards. Conduct visual
inspections once a week, looking for symptoms. In the
existing crop, shake flowers or leaves over a white card to
check for population sizes. Indicator plants, like 'Carpet Blue'
petunia placed every 30 ft, can detect the earliest thrips
activity.

Slow-Release Sachets

Resent innovations in biocontrols have introduced options
that allow for continued release of predatory mites for thrips
control. The predatory mites are mixed with a prey mite
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and a food source for the prey mites. The predatory mite is
able to reproduce within the sachet and will slowly emerge
through an existing opening over a period of up to 7 weeks.
Sachets should be protected from irrigation and hung in
shady areas, evenly spaced throughout the crop.

Options (in order of effectiveness):

- Orius plus Neoseiulus cucumeris (cucumeris is cheaper)
- N. cucumeris
- Amblyseius swirskii (effective but more expensive)
- Stratiolaelaps scimitus
- Nematodes

THRIPS

Thrips larvae are sometimes mistaken for maggots, due to their
worm-like body and movement.

Thrips feed by scraping plant cells, and then sucking their juices. This
leaves behind bleached areas on flowers and foliage. Black drops of
excrement within the bleached areas are characteristic.
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Amblyseius swirskii
Predatory Mite

Swirski mites are pale yellow in color or they may take on
the color of their primary diet. They have non-segmented,
pear-shaped bodies that are 0.5 mm in length. They are not
readily distinguished from other predatory mites. Adults lay
1 to 4 eggs per day. They eat 5 to 6 thrips larvae per day.

Shipping/Storage

Nymphs and adults are shipped in bottles or in continuous or
slow-release sachets. Both bottles and sachets also contain
an alternate food source. Release within 2 days of receipt.
Store for up to 2 days after receipt at 50–60°F.

THRIPS

How to Release

See supplier for specific release rates, depending on shaker
bottle or sachet type and crop. For bottles, rotate gently
before release. Sprinkle or blow material onto leaves of
infested plants. Release every other week as needed. Hang
sachets in shady areas and leave them for 6 weeks.

How to Manage

Mites are most effective at temperatures of 77–82°F and
humidity at 70%. They become inactive at 59°F and below.
They may eat eggs of P. persimilis or Aphidoletes. They
work well in most crops except tomatoes. To monitor, tap
foliage over white paper and examine for presence of the
fast-moving predatory mites. For sachets, determine mite
release by placing one on a yellow sticky card. Useful for later
season thrips control when temperatures are higher and N.
cucumeris is not as active.

Pests they Control

thrips larvae, whitefly nymphs and eggs; slight suppression
of spider mites by feeding on eggs and immatures, but they
avoid areas with spider mite webbing
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Swirski mites seek out thrips, which may occur along leaf veins.

THRIPS
Mites are pale yellow and pear-shaped. Each individual may eat up
to 6 thrips larvae, or 20 whitefly eggs, per day.
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Neoseiulus cucumeris

(formerly Amblyseius cucumeris)
Predatory Mite

Cucumeris is a generalist predatory mite that is very effective
on thrips. It can be used preventively because it can survive
on pollen or other insect and mite pests. These tiny mites are
clear white to yellow, but they are not readily distinguished
from other predatory mites. Females will lay up to 35 eggs
among thrips populations in their lifetime. All life stages of
these mites are predaceous, and though they only feed on
first-instar thrips larvae, their presence distresses older larvae,
causing up to 30% reduced feeding and lifespan. They are an
inexpensive option that eat up to 6 thrips larvae per day. Can
be used in high tunnels, and released year-round.

THRIPS

Shipping/Storage

Nymphs and adults are shipped in bottles or in continuous or
slow-release sachets. Both bottles and sachets also contain
an alternate food source. Release immediately.

How to Release

See supplier for specific release rates, depending on shaker
bottle or sachet type and crop. For bottles, rotate gently
before release. Sprinkle or blow material on leaves of
infested plants. Release every other week as needed. Hang
sachets in shady areas and leave them for 6 weeks.

How to Manage

Mites will perform optimally at temperatures between
66–80°F and more than 65% humidity. They will not develop
below 55°F or above 88°F. Keep sachets away from irrigation.
Determine mite release by placing one sachet on a yellow
sticky card. Can be used with Orius for thrips knockdown.

Pests they Control

young thrips larvae (primarily), spider and cyclamen mites,
eriophyid mites
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Cucumeris mites primarily feed on young thrips larvae, but can also
target spider mites.

THRIPS

Like other Neoseiulus species, mites can also eat pollen.

Before distributing mites from shaker bottles, mist foliage to keep
material on the foliage.
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Orius spp.

Minute Pirate Bug
Minute pirate bug adults and nymphs are generalist
predators, and it is the only biocontrol agent that feeds on
adult thrips. They take up to 8 weeks to become established
and effective, so they should be released before infestations
are severe, but when enough prey is available. Use with
banker plants to improve economic feasibility (see page 84).
Adults are 2 mm in length and are oval-shaped with black
and white wings. Nymphs are yellow-orange to brown.
Females lay up to 130 eggs in their lifespan, usually over the
course of 7 weeks. Not effective on tomatoes.

THRIPS

Shipping/Storage

Usually shipped as adults, or a mixture of adults and nymphs,
in shaker bottles with a buckwheat carrier. Can store up to 18
hours in the dark at 47–50°F.

How to Release

Release up to 1 per yd2 at sundown, or concentrate 10 per
yd2 at hot spots. Gently rotate the bottle to evenly distribute
predators before opening the lid. Gently tap out the bugs
directly onto infested plants.

How to Manage

Keep temperatures between 60–80°F, and humidity above
60%. Orius lays eggs on side shoots, so prune before release.
Adults also need pollen and nectar to survive. Many growers
establish Orius populations in advance of the crop by
maintaining banker plants such as ornamental pepper. See
page 84. Other growers may supply alyssum or other smallflowered plants. Orius go dormant in autumn when days are
shorter, but this is prevented with supplemental lighting.
Can be used with Cucumeris mites.

Pests they Control

thrips (primarily), aphids, spider mites, insect eggs
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Minute pirate bug adults are black with white markings on wings.
Females live for about 7 weeks, laying up to 130 eggs. Adults also
require pollen and nectar to survive.

THRIPS

Nymphs are oval-shaped and cream-to-red colored.

Minute pirate bugs also feed on spider mites and insect eggs.
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Stratiolaelaps scimitus

(formerly Hypoaspis miles)
Soil-dwelling Predatory Mite
Stratiolaelaps is a soil-dwelling mite which feeds on the soildwelling thrips stages (mature larvae and pupae), and other
small insects and mites. Adults are minute, less than 1 mm
in length, and tan in color with a shield shape on their backs.
They spend their entire life cycle in soil media. Excellent
choice as a supplemental preventive control option for all
container sizes.

THRIPS

Shipping/Storage

Shipped in shaker tubes containing all life stages in a
vermiculite carrier with prey mites. Can mix into media
before planting. They should be released as soon as received,
but can be stored at 50–60°F for about 2 days.

How to Release

Release at 10 mites per ft2 as preventive, or 30 per ft2 as
curative. Mites are most effective when thrips are less than
10 per trap per week. Release two applications per crop cycle
with the second application 2 to 3 weeks after the first.

How to Manage

Do not let greenhouse temperatures drop below 60°F and
keep soil moist but not too wet. Can live 7 days without
food. Although these mites live up to 8 weeks, they may
only provide 30% control of thrips. Compatible with Bt and
nematodes.

Pests they Control

soil stages of thrips, fungus gnat larvae
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Stratiolaelaps is mite that targets thrips and fungus gnats in the soil.
Adults have a darker shield-shape on their backs.

THRIPS
Mites spend their entire life cycle in soil media. They can survive for
up to 7 days without food.

Mites are sold in all life stages in shaker tubes with a vermiculite
carrier and prey food. Shake contents directly onto the surface of
potting soil in small piles.
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Steinernema feltiae
Beneficial Nematode

S. feltiae are microscopic, worm-like parasites that occur in
the soil. Nematodes are not a standalone option for thrips, as
they only feed on pupae in the soil. They are economical and
active hunters, occurring in the top 3 inches of the soil. They
kill their prey by entering the body through natural openings
and feeding on the contents.

THRIPS

Shipping/Storage

Shipped in a wettable clay powder which holds several
million active units each. Immediate release is ideal;
however, nematodes may be refrigerated at 40°F for several
months. Make sure not to freeze the package, and to keep
the storage temperature constant. When mixing from
storage, make sure the mix water is a similar temperature
(may need ice packs), or let the nematodes warm first.

How to Release

As a foliar spray, apply 50 million per 1,000 ft2. Can also be
applied in irrigation or in watering cans. Remove filters
from sprayers before applying, and shake the nematodewater source continuously. Do not apply in direct sunlight,
and release at sunset to provide maximum shade for the
nematodes.

How to Manage

Ensure that the crop remains wet for at least 2 hours
following application. Nematodes can be killed if soil surface
temperature is above 85°F. Monitor thrips populations with
yellow or blue sticky traps to determine efficacy.

Pests they Control

thrips (suppression only as feeding is limited to soil stages),
fungus gnats, fruit flies, flea beetles, shore flies
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Nematodes are microscopic parasites that occur in the soil or other
moist areas. There are hundreds of species of nematodes, with
most of them feeding on dead matter. A few species feed on other
insects., and are highly effective in the greenhouse against soildwelling pests.

THRIPS

Nematodes kill their prey by entering the host through natural
openings. They release bacteria to liquefy the host contents, and
then consume the resulting material.
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WHITEFLIES
Pest Information
Whiteflies are related to aphids and scale. Adults have
yellowish bodies and white wings. The two most common
species are greenhouse whitefly and silverleaf whitefly.
Females lay up to 250 oblong eggs on the undersides of
leaves. Nymphs resemble scale crawlers in that they are
immobile, flat, and translucent. They feed in place for up
to 3 weeks, and then remain on the leaf for another week
of pupation. Adults emerge through a T-shaped opening.
Whiteflies can quickly develop resistance to insecticides.

WHITEFLIES

Symptoms

Whiteflies use their piercing, straw-like mouthparts to
suck sap from phloem on plant stems and leaves. Large
populations can cause leaves to turn yellow, appear dry, or
drop. Feeding can cause plant distortion or discoloration.
Whiteflies excrete honeydew, causing leaves to be sticky or
covered with black, sooty mold that grows on honeydew.

Monitoring

Early and regular monitoring of whitefly is essential,
particularly on sensitive crops (poinsettia, chrysanthemum,
fuchsia, bedding plants, and tomatoes). Conduct visual
inspections for the flat nymphs on the undersides of leaves.
Hang yellow sticky traps at regular intervals throughout
susceptible crops. Use indicator plants (for example,
eggplant) to assess treatment effectiveness, especially if
using insect growth regulators or biological control agents.

Options (in order of effectiveness)

- Encarsia or Eretmocerus parasitic wasp
- Amblyseius swirskii mites
- Delphastus lady beetles
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Greenhouse whiteflies (left) hold their wings flat on their backs while
silverleaf whiteflies (right) hold their wings closer to the sides of their
bodies. Silverleaf whiteflies are also brighter yellow in color.

WHITEFLIES

Adult whiteflies emerge from pupae through a T-shaped opening.

Whitefly eggs are either laid randomly, or in a circular pattern.
Nymphs are flat and immobile.

Heavy populations cause leaves to turn yellow and drop.
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Amblyseius swirskii
Predatory Mite

Usually pale yellow in color or they may take on the color of
their primary diet. They have non-segmented, pear-shaped
bodies that are 0.5 mm in length. They are not readily
distinguished from other predatory mites. Adults lay 1 to
4 eggs per day. They eat up to 20 whitefly eggs and young
nymphs per day. Mites work well in most crops except
tomatoes.

WHITEFLIES

Shipping/Storage

Nymphs and adults are shipped in bottles or in continuous
or slow-release paper sachets. Both bottles and sachets also
contain an alternate food source. Release within 2 days of
receipt. Store for up to 2 days after receipt at 50–60°F.

How to Release

Hang sachets in shady areas, spaced evenly through infested
plants. For shakers, roll container gently before release.
Shake or blow contents at a rate of about 10 mites per ft2 on
leaves of infested plants.

How to Manage

Mites are most effective at temperatures of 77–82°F and
humidity at 70%. They may eat eggs of P. persimilis or
Aphidoletes. To monitor, tap foliage over white paper and
examine for presence of faster-moving predatory mites. For
sachets, determine mite release by placing one on a yellow
sticky card. Useful for later season thrips control when
temperatures are higher and N. cucumeris is not as active.

Pests they Control

whitefly nymphs and eggs, thrips larvae; slight suppression
of spider mites by feeding on eggs and immatures, but they
avoid areas with spider mite webbing
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A. swirskii mites are pale yellow in color, and pear-shaped. They may
take on the color of their primary diet.

WHITEFLIES

Mites may consume up to 20 whitefly eggs or young whitefly
nymphs per day.
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Delphastus catalinae
Predatory Beetle

Delphastus is a small, dark brown lady beetle particularly
suited for high whitefly densities. Both adults and larvae feed
on whitefly eggs and nymphs. Females have reddish yellow
heads, while males are darker in color. Larvae are creamcolored, elongated, and covered in fine hairs. They work well
in conjunction with Encarsia and Eretmocerus as they are able
to avoid parasitized whiteflies.

WHITEFLIES

A single Delphastus can consume up to 10,000 whitefly eggs
and 700 nymphs during its lifetime. They will not survive
without a whitefly food source. They do not diapause, so
they can be used year-round.

Shipping/Storage

Shipped as adults in an inert or protective media. May
refrigerate up to 12 hours.

How to Release

Lightly mist foliage before release. Release at a rate of 1 to 2
per 100 ft2 (or 10 per release point), by gently shaking beetles
from containers. Focus on highly infested areas, and release
in morning or evening.

How to Manage

Maintain temperatures between 61–90°F. Scout for larvae
within whitefly populations within 4 weeks of release.

Pests they Control

whitefly eggs and nymphs (primarily silverleaf ), aphids,
spider mites
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Delphastus adults are tiny, dark brown beetles. They need to feed on
whiteflies, or they will starve.

WHITEFLIES

Larvae are cream-colored. Delphastus works best on silverleaf
whitefly, and is compatible with the parasitoid wasp biocontrols.

The beetles are most often shipped as adults with protective strips of
paper. Lightly tap them out to release.
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Encarsia formosa
Parasitic Wasp

Adults are much smaller than whiteflies, with a black
head and thorax and yellow abdomen. Females are most
common, and live up to a month. They lay single eggs inside
up to 200 whitefly nymphs. The developing wasp larva feeds
on the whitefly contents, killing it by the time the whitefly
pupates. The adult wasp eventually emerges from the blackbrown whitefly pupa through a circular hole.

Shipping/Storage

WHITEFLIES

Primarily shipped as parasitized whitefly pupae stuck to
perforated or individual cards. Sometimes shipped as loose
pupae in tubes. Do not touch the pupae. Can store in the
dark up to 2 days at 50°F.

How to Release

At the first sign of whitefly, or as a preventive measure, hang
Encarsia cards evenly throughout plants. For prevention,
release 3 per yd2, and for curative, 9 per yd2. Place cards
below the tops of plants to provide shade, and as close to the
infestation as possible. Leave for a minimum of 10 days to
allow all wasps to emerge.

How to Manage

Encarsia are most effective at temperatures of 64–77°F and
70% humidity or less. Wasps will not fly at temperatures
below 62°F. They are tolerant of many insecticides, except
pyrethroids. Encarsia does not like honeydew formed in
large whitefly populations. Wasps are easy to scout. Learn
to identify the black-colored parasitized whiteflies (visible
within 2 to 3 weeks of release), and leave them in the
greenhouse. Whitefly emergence from pupae is T-shaped,
and parasitoid emergence is round.

Pests they Control
greenhouse whitefly larvae (primarily) and silverleaf whitefly
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Eretmocerus eremicus
Parasitic Wasp

Eretmocerus is most effective against silverleaf whitefly.
Adults are tiny yellow wasps with drooping black antennae.
Females lay a single egg underneath the body of up to 150
young whitefly nymphs. After hatching, the wasp larva
attaches to the underside of the whitefly nymph and burrows
inside to feed. Parasitized larvae are yellow-tan to brown.
After 12 days, adults emerge from the dead whitefly pupa
through a perfect circular hole.

Shipping/Storage

How to Release

At the first sign of whiteflies, hang cards evenly throughout
plants. Place them below the tops of plants to provide shade.
Do not touch the mummies on the cards, and place cards as
close to the infestation as possible. Leave for a minimum of
10 days to allow all wasps to emerge.

How to Manage

For best results, release when the temperature is between
70–95°F. Although Eretmocerus is more tolerant of pesticides, do not spray before release. Introduce weekly until
at least 80% of whitefly pupae are parasitized. Leave all of
the brown-colored parasitized whiteflies in the greenhouse.
Whitefly emergence from pupae is T-shaped, and parasitoid
emergence is round.

Pests they Control

silverleaf whitefly (primarily) and greenhouse whitefly
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WHITEFLIES

Primarily shipped as parasitized whitefly pupae stuck to
perforated or individual cards. Sometimes shipped as loose
pupae in tubes. Do not touch the pupae. Can store in the
dark up to 2 days at 50°F.

WHITEFLIES

Encarsia is the most important biocontrol of the greenhouse whitefly.
Nymphs turn black about one week after being parasitized, and their
skin forms a pupal case for the developing wasp.

Whitefly pupae that have been parasitized by Eretmocerus appear
beige in color while healthy whitefly pupae are white or pale yellow.
This parasitoid targets the silverleaf whitefly.

Whitefly parasitoids are sold as pupae stuck to cards.
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The black greenhouse whitefly nymphs parasitized by Encarsia are
easy to spot on the undersides of leaves without aid of a hand lens.

Life Cycle of Whitefly versus Parasitoid Wasp
Whitefly

Encarsia
Eggs

Nymphs

Female wasp lays single egg
inside whitefly nymph

Parasitized
pupa darkens
Pupa

Adult
whitefly

Adult
Encarsia
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WHITEFLIES

Crawlers

USING BANKER PLANTS

BANKER PLANTS

Banker plants help to establish and sustain certain biological
control agents, essentially acting as an “open rearing system”.
They provide alternate food or prey, reducing the need for
repeated introductions. Currently, banker plant systems are
commonly used for the minute pirate bug (Orius) against
thrips, and for the parasitoid wasps, Aphidius colemani
against peach and melon aphids, and A. ervi against foxglove
and potato aphids.
Using banker plants requires diligent scouting for both the
beneficial and pest insects. The banker plants should never
be sprayed with an insecticide, and plants will need to be
maintained and replaced when needed. Banker plants are
not successful in outdoor situations.

Ornamental Pepper for Minute Pirate Bug

Minute pirate bugs (Orius spp.) are released primarily for
thrips control, but they also feed on spider mites and aphids.
The downside is that Orius are expensive. But because the
adults also feed on pollen, providing flowers helps them to
build a reproducing population in the greenhouse. Research
has shown that ornamental peppers, in particular Black Pearl
and Purple Flash, are highly attractive to both Orius and
thrips. Black Pearl is the industry standard, but some studies
have found that Purple Flash yields higher populations of

Pepper banker plants can be placed among the crop, or hung in
hanger baskets. Some growers sell the plants after fruits form.
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nymphs and adults due to the cultivar’s egg-laying suitability
and the development and survival of nymphs. Purple Flash is
also more compact and produces more flowers.

Challenges

• minute pirate bugs become less effective as
temperatures dip below 65° F
• they can take 8 to 10 weeks to become established in a
greenhouse
• most minute pirate bugs go into diapause (winter
inactivity) when the day length is shorter than 11 to
13 hours (can be prevented with supplemental light);
Orius can be introduced as early as late February under
natural day-length conditions
- O. laevigatus do not enter diapause, but is not as
readily available

There are no definitive rates of pepper banker plants, but
general guidelines are as follows:
1. Some growers use approximately 1 plant per 1,000 ft2 of
growing area while others use 1 plant per 4,000 ft2.
2. Start ornamental peppers in the greenhouse at least
two months before the crop introduction, so that they
are in bloom when needed. For example, for March
production, start plants from November to January.
Transplant to hanging baskets if desired.
3. When peppers are blooming, they can be hung above
the crop or placed on the benches.
4. Release rate of Orius onto peppers is greenhouseand crop-dependent, and may require some
experimentation. Rates vary from 10 to 60 per pepper
plant. Only one release should be necessary.
a. The adults will feed on pollen, and lay eggs on the
pepper plants. Nymphs will develop into adults
using pollen as the food source.
- Thrips may also be attracted to the pepper plant
flowers, providing additional food.
b. The second generation of Orius will fan out across
the greenhouse and target thrips, usually about 3 to
4 weeks later.
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BANKER PLANTS

Instructions and Rates

BANKER PLANTS

5. Remove pepper fruits from the plants once per moth to
keep them from flowering.
a. This task can be time-consuming, so an alternative
is to start new pepper plants every two months and
replace older plants when needed.
b. Some greenhouse operations sell the ornamental
pepper hanging baskets.
6. N. cucumeris mites may be release in combination with
this system, sometimes on the banker plants alone, or
throughout the greenhouse. The mites feed on the
youngest (1st instar) thrips larvae, while the Orius feed
on both larvae and adults.
This system has been used with a variety of crops including
cyclamen, African violets, both cut and potted mums and
gerbera, alstroemeria, snapdragon, and a variety of spring
crops.

Cereal Plants for Aphid Parasitoids

For aphid control via parasitoids, research has shown that
greenhouses using banker plants have better aphid control
for less money than greenhouses using parasitoid releases
alone. Banker plants for aphids use the bird cherry-oat aphid
(Rhopalosiphum padi) reared on a grain plant (barley or
wheat work best). The bird cherry-oat aphid is food for aphid
parasitoids, including Aphidius colemani (which also attacks
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green peach and melon aphids) and A. ervi (which attacks
foxglove and potato aphids). The bird cherry-oat aphid only
attacks monocot species (grasses, etc.) and will not move into
the non-monocot greenhouse crop.
The aphid banker plant method is not recommended
for greenhouses growing monocots, such as Easter lilies,
ornamental grasses, orchids, irises, palms, and sweet corn.

Instructions and Rates

Banker plant guidelines, as described in “Aphid Banker
Plant System for Greenhouse IPM, Step by Step Guide”, by
University of Vermont Entomology and Biobest USA:
1. Order aphid banker starter plants six weeks before
starting this process. Also purchase barley seed.
2. To determine number of banker plants to grow, plan on
at least two 8- or 10-inch pots per greenhouse, or 1 plant
per 1,000 ft2. Optimal rates have not been fully studied;
adjust in future years as needed.
a. When starter plants arrive, plant a single plug into
each 8- or 10-inch pot, and spread barely seed onto
the remaining bare soil.
b. Label the plants, “Week 1”, and place all plants into
a caged area (build your own or purchase one) or
cover each pot with two hairnets.
3. Set up an order for 500 A. colemani (plus A. ervi if
you think you have multiple species of aphids) to be
delivered each week for 3 to 4 weeks, with the first
shipment to arrive the week after you start the first
plants.
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BANKER PLANTS

Research has shown that barley is the most effective host as
the banker plant. A rotating supply of aphid-infested plants
is required for the crop's growing cycle. To generate the
bankers, growers start this production with “starter plants”
that are available to purchase. The banker plants are moved
into the greenhouse on a schedule, with two introduced into
each greenhouse the first week, and then one to two plants
introduced each week until mid-summer. Plants are effective
for 10 weeks with very little maintenance.

BANKER PLANTS

4. Seven days after
the plants are
started, prepare
“Week 2” plants:
a. Cut some of
the aphidinfested grass
blades from
the prior
weeks’ plants
and lay them
on top of the
newly sown
barley seeds
in new pots.
Place plants
into a new
cage or under hairnets.
b. As the barley sprouts, it becomes infested with
aphids from the cut pieces.
5. Release 100 wasps onto each pot that was started the
week before (such as the “week 1” plants).
6. Repeat steps 4 to 5 each week until mid-July, making
sure that each week of plants is labeled and separated.
7. Four weeks after starting the “week 1” pots, take them
out of the cages/hairnets and place them around the
greenhouse in hanging baskets or amongst the crop.
There should be enough mummies and emerging
parasitoids for continued release.
a. Use drip irrigation on the banker plants so as to not
wash off the aphids or wasps.
b. Space plants at 60 feet apart.
8. Repeat step 7 weekly for the remaining pots. Place new
banker plants next to old plants in the greenhouse.
9. Remove old plants when they start to die off (usually 10
weeks later).
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RESOURCES
Beneficial Pest Suppliers
Applied Bio-nomics, Victoria, B.C., Canada
appliedbio-nomics.com

Beneficial Insectary, Redding, California
greenmethods.com

RESOURCES & IMAGE CREDITS

BioControl Network, Brentwood, Tennessee
biconet.com

IPM Labs, Locke, New York
aphid banker plants
ipmlabs.com

Koppert Inc., Romulus, Minnesota
koppert.com

Rincon-Vitova, Ventura, California
rinconvitova.com

Tip Top Biocontrol, Westlake Village, California
tiptopbiocontrol.com

NOTE: This is not a comprehensive list of available
suppliers nor an endorsement of listed suppliers.
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RESOURCES
Online Resources:
Association of Natural Biocontrol Producers
anbp.org

Biological Control: A Guide to Natural Enemies of
North America

RESOURCES & IMAGE CREDITS

Cornell University, website guide
biocontrol.entomology.cornell.edu

Biological Control of Insects and Mites: An
introduction to beneficial natural enemies and
their use in pest management
University of Wisconsin Extension, online pdf
learningstore.uwex.edu

Biological Control/Organic Information, UMass
Greenhouse IPM Manual with an Emphasis on
Biocontrols
Penn State Extension, online pdf

Grower Guide: Quality Assurance of Biocontrol
Products
Vineland Research and Innovation Centre, online pdf

Pesticide Side-Effects Guide

biobestgroup.com/en/side-effect-manual

NOTE: This is not a list of all resources available, but simply
some suggestions to get started.
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IMAGE CREDITS
Pages 3 to 4 – Aphids
• Photo 3: Whitney Cranshaw, Colorado State University,
bugwood.org
• Photo 6: farms.com
Page 9 – Aphelinus abdominalis
• Photo 1: ecobest.es
• Photo 2: ephytia.inra.fr
Page 11 – Aphidius colemani
• Photos 1 and 2: David Cappaert, bugwood.org

RESOURCES & IMAGE CREDITS

Page 13 – Aphidius ervi
• Photo 1: ecobest.es
• Photo 2: INRA Bernard Chaubet
• Photo 3: Pat McLaughlin, Drexel University
Page 15 – Aphidius matricariae
• Photo 1: Evergreen Growers
• Photo 1: schlegelgreenhouse.com
• Photo 3: fotocommunity.es
Page 17 – Aphidoletes aphidimyza
• Photo 1: www.pirlot.pro
• Photo 2: gipcitricos.via.es
• Photo 3: Whitney Cranshaw, Colorado State University,
bugwood.org
Page 23 – Fungus Gnats
• Photo 1: Whitney Cranshaw, Colorado State University,
bugwood.org
• Photo 2: David Cappaert, bugwood.org
• Photo 3: Whitney Cranshaw, Colorado State University,
bugwood.org
Page 25 – Dalotia coriaria
• Photo 1: David Cappaert, bugwood.org
• Photo 2: Sesil Corporation
• Photo 3: greenhouseipm.org
Page 27 – Stratiolaelaps scimitus
• Photo 1: pbase.com
• Photo 2: Sesil Corporation
Page 29 – Steinernema feltiae
• Photo 1: pbase.com
• Photo 3: db.nyfvi.org
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Page 31 – Mealybugs
• Photo 1: U.S. National Collection of Scale Insects Photographs,
USDA ARS, bugwood.org
• Photo 2: onlinepestcontrol.com

RESOURCES & IMAGE CREDITS

Page 33 – Anagyrus pseudococci
• Photo 1: Jeffrey W. Lotz, Florida Department of Agriculture
and Consumer Services, bugwood.org
• Photo 2: bioplanet.it
• Photo 3: Kent M. Daane, University of California
Page 35 – Cryptolaemus montrouzieri
• Photo 1: Instituto Valenciano de Investigaciones Agrarias
• Photo 2: David Cappaert, Michigan State University.
bugwood.org
• Photo 3: Sonya Broughon, Department of Agriculture and
food Western Australia, bugwood.org
Page 37 – Leptomastix dactylopii
• Photo 1: kammlott.info
• Photo 2: Entocare Wageningen
• Photo 3: Entocare Wageningen
Page 41 – Aphytis melinus
• Photo 1: Instituto Valenciano de Investigaciones Agrarias
• Photo 2: Instituto Valenciano de Investigaciones Agrarias
• Photo 3: Azienda Agricola Biologica Borsellino
Page 43 – Lindorus lophanthae
• Photo 1: U.S. Forest Service
• Photo 2: Instituto Valenciano de Investigaciones Agrarias
Page 49 – Amblyseius andersoni
• Photo 1: phytoseiidae.com
• Photo 2: moshkin.club
Page 51 – Feltiella acarisuga
• Photo 1: Ecobest
• Photo 2: Koppert Biological Systems
• Photo 3: Whitney Cranshaw, Colorado State University,
bugwood.org
Page 53 – Galendromus occidentalis
• Photo 2: Andermatt Biogarten AG
Page 55 – Neoseiulus californicus
• Photo 1: Instituto Valenciano de Investigaciones Agrarias
• Photo 2: Biological Services, Loxton, Australia
• Photo 4: phytoseiidae.com
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Page 57 – Neoseiulus fallacis
• Photo 1: naturesgoodguys.com
• Photo 2: The Butchart Gardens
Page 59 – Phytoseiulus persimilis
• Photo 1: Sesil Corp
• Photo 2: New Business Media
• Photo 3: Entomology Solutions
Page 61 – Stethorus punctillum
• Photo 2: Sonya Groughton, Department of Agriculture & Food
Western Australia, bugwood.org
• Photo 3: Whitney Cranshaw, Colorado State University,
bugwood.org

RESOURCES & IMAGE CREDITS

Page 65 – Amblysius swirskii
• Photo 1: Koppert Biological Systems
• Photo 2: Koppert Biological Systems
• Photo 3: www.agrospraytechnic.ma
Page 67 – Neoseiulus cucumeris
• Photo 1: Sesil Corporation
• Photo 2: buchartgardens.com
• Photo 3: phytoseiidae.com
Page 71 – Stratiolaelaps scimitus
• Photo 1: pbase.com
• Photo 2: Andermatt Biogarten AG
Page 73 – Steinernema feltiae
• Photo 1: David Cappaert, bugwood.org
• Photo 2: R. Buitenhuis, Vineland
Page 75 – Whiteflies
• Photo 1: Scott Bauer, USDA ARS
Page 77 – Amblyseius swirskii
• Photo 1: Koppert Biological Systems
• Photo 2: moshkin.club
Page 79 – Delphastus catalinae
• Photo 1: Tip Top Bio-Control
• Photo 3: Sesil Corporation
• Photo 4: soundhorticulture.com
Page 82 – Eretmocerus eremicus
• Photo 2: Edgardo González Carducci
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Utah State University is committed to providing an environment free from harassment and
other forms of illegal discrimination based on race, color, religion, sex, national origin, age (40
and older), disability, and veteran’s status. USU’s policy also prohibits discrimination on the
basis of sexual orientation in employment and academic related practices and decisions. Utah
State University employees and students cannot, because of race, color, religion, sex, national
origin, age, disability, or veteran’s status, refuse to hire; discharge; promote; demote; terminate;
discriminate in compensation; or discriminate regarding terms, privileges, or conditions of
employment, against any person otherwise qualified. Employees and students also cannot
discriminate in the classroom, residence halls, or in on/off campus, USU-sponsored events and
activities. This publication is issued in furtherance of Cooperative Extension work, acts of May
8 and June 30, 1914, in cooperation with the U.S. Department of Agriculture, Kenneth L. White,
Vice President for Extension and Agriculture, Utah State University.

